Nontritium-breeding D-T reactors have decisive advantages in minimum size, unit cost, variety of applications, and ease of heat removal over reactors using any other fusion cycle, and significant advantages in environmental and safety characteristics over breeding D-T reactors. Considerations of relative energy production demonstrate that the most favorable source of tritium for a widely deployed system of nontritium-breeding D-T reactors is the very large (-10 GW thermal) semicatalyzed-deuterium (SCD), or sub-SCD reactor, where none of the escaping 3He ( > 95%) or tritium ( < 25%) is reinjected for bum-up. Feasibility of the ignited SCD tokamak reactor requires spatially averaged betas of 15 to 20% with a magnetic field at the TF coils of 12-13 T.
INTRODUCTION
The most important candidate fusion reactions for controlled fusion devices are listed in Appendix A. The fuel-self-sufficient D-T reactor with a tritium breeding blanket has generally been thought of as the primary candidate for electricity production in a fusion energy system. However, it is widely believed that D-T reactors have undesirable properties resulting from neutron production, tritium usage, and required tritium breeding, and that it would be most advisable from the environmental and safety points of view to replace them with nonbreeding D-D or D-3He reactors. While ignited D-D and D-3He tokamak reactors appear to be achievable, (1-3) the power densities in minimum-sized reactors would be so low that the unit capital cost is expected to be prohibitively large. On the other hand, very large J Plasma Physics Laboratory, Princeton University, Princeton, New Jersey 08544 2On leave from Dept. of Electronic Engineering, University of Tokyo, Tokyo, Japan.
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D-D and D-3He reactors capable of high wall loadings will have such large power outputs that their use as electrical power suppliers close to load centers, or even on large grids, may turn out to be impractical. Now if D-T reactors did not have to breed, their relative undesirability would essentially disappear(4): Their tritium problems would not be qualitatively greater than those of D-D reactors; the blanket could be designed for low activation and resistance to neutron damage (since neutron economy in the blanket is of no concern); tritium inventories would be greatly reduced; and reactor size and unit cost would be reduced. Furthermore, the 14-MeV neutrons that carry away 80% of the energy released in D-T fusion allow a much wider variety of practical applications for nuclear fuel production, chemical fuel production, and process heat than is available with either the D-D or D-3He reactor, not to mention reactors using p-liB fuel.
In this paper, we develop a scheme for effectively deploying nonbreeding D-T reactors by optimal use of the otherwise impractically large D-D reactor for tritium breeding. Very large size for 0164-03 ~ 3/82/0600-0197503.00/0 9 1982 Plenum Publishing Corporation fuel-producing reactors is acceptable, because such plants can be located remotely and operated without affecting the capacity of an electrical grid. The energy system described herein appears to be one of the most attractive for the widespread utilization of fusion energy for many applications which require 14-MeV neutrons or the flexibility of small reactor deployment. (The reactor system analyzed in this paper may have been discussed informally from time to time. Analogous breeder-satellite systems have been proposed previously for D-3He satellites, 0) but we believe that D-3He reactors, which can be used only for electricily generation, will be too costly and have too limited application for significant deployment.)
MOTIVATION FOR NONBREEDING D-T REACTORS
Nontritium-breeding D-T reactors have the following advantages over fuel-self-sufficient D-T reactors(4):
9 Greater environmental acceptability, because of the absence of a lithium fire hazard, a smaller tritium inventory, and the potential for choosing structural materials for greatly reduced activation 9 Higher plant availability, because of faster servicing or repair of a blanket free of tritium and having reduced activation level 9 Units of smaller capital cost 9 Wider choice of siting, because of enhanced safety characteristics and possibility of smaller power capacity per reactor.
A disadvantage of the system of breeder and burner reactors discussed herein is that tritium fuel shipments to the satellite reactors would have to be relatively frequent, perhaps every 3 to 6 months, because of the short decay time of tritium (5% loss per year). About 90% of the on-site tritium would be stored in a vault isolated from the reactor, so that it would not be involved in an accident to the reactor.
Because of their easily achievable high power density, and high fractional output in the form of 14-MeV neutrons, nontritium-breeding D-T reactors have the advantages over both D-D and D-3 He reactors of much lower capital cost per unit power output (for reactors of comparable power ratings), and superior performance in several potential applications:
1. Relatively small reactors such as 600-2000 MW (thermal), producing electricity or high temperature process heat at acceptable capital cost.
Efficient chemical fuels production.
80% of the fusion energy is in the form of penetrating 14-MeV neutrons, which can maintain processing regions of very high temperature ( >_ 1500~ remote from the vacuum vessel. (s) In catalyzed-D reactors, 14-MeV neutrons make up only 32% of the total fusion power. Absence of the breeding requirement also eliminates two major drawbacks of synfuds blankets in breeding D-T reactors: depos'tion of much of the neutron energy in the ].ithium breeding region, and the possibility of tritium contamination of the process stream. 3. Fissile fuel breeding. The 14-MeV neutrons provide a much larger neutron multiplication than 2.5-MeV neutrons, so that D-T reactors give a much higher fissile breeding rate per unit fusion energy than catalyzed-D reactors. (6) It has been considered that a major advantage of catalyzed-D and D-3 He reactors is their potential for direct energy recovery because the majority of the fusion energy is produced in charged particles. (7) However, this tenuous prospect has led to neglect of the severe difficulty of removing thermal energy from the toms, which is a serious problem even in present day experimental devices. (8) In a D-T reactor, only 20% of the fusion power emerges in the form of plasma thermal power, and this fraction can probably be rejected (i.e., without using it for electricity production or any other purpose). For comparable wall power loadings, the surface heating in a D-3He reactor will be about 5 times as large as in a D-T reactor, and essentially all the wall (or divertor) thermal power in the D-3He reactor must be converted to electricity at high efficiency. In contrast, the ideal way to remove heat from any toroidal reactor is to generate as large a fraction as possible of the fusion energy in the form of fast neutrons, whose energy can be recovered as one chooses in a region relatively remote from the first wall. This latter situation characterizes the nonbreeding D-T reactor.
EVALUATION OF TRITIUM SOURCES

Potential Sources of Tritium
Where can the tritium for nonbreeding D-T reactors be obtained? From the point of view of energy balance, it is unfavorable by more than a factor of l0 to breed the tritium in fission reactors: one D-T reactor needs more than 10 fission reactors of its
